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(57) Abstract: 

PROBLEM TO BE SOLVED: To reduce cost and circuit 
scale by providing a modulation means which 
band-divides a transmission band and modulates 
information in accordance with the number of band 
divisions. 

SOLUTION: Data encoded by an encoding circuit 10 
are allocated to respective IFFT circuits 11, 21 
and 31 from a first group to a third group. 
Allocated data are inverse Fourier-transformed by 
the IFFT circuits 11, 21 and 31. Signals I and Q 
which differ by π/2 phase, which are inverse 
Fourier-transformed and outputted. are supplied to 
orthogonal modulation circuits 12, 22 and 33 and 
they are orthogonally modulated. Signals which are 
frequency-transformed by using frequencies fa, fb 
and fc are band-restricted by band-pass 
fi Iters (BPF) 16. 26 and 36. Then, a signal synthesis 
circuit 17 synthesizes the signals of the 
respective groups. Thus, the number of points of 
IFFT can be reduced, the speed of the signal itself 
is reduced, and the margin of circuit design can be 
taken to be large. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The transmission-band split modulator characterized by to have a 
frequency-conversion means perform frequency conversion on the frequency which is 
different according to the divided band in the signal modulated by a modulation means 
carries out the band split of the transmission band, and modulate an information 
corresponding to the aforementioned band number of partitions in the transmission-band 
split modulator by the multi-carrier radio-transmission system, and the aforementioned 
modulation means, and a signal synthesis means compound the signal outputted from the 
aforementioned frequency-conversion means. 

[Claim 2] It is the transmission-band split modulator characterized by to have the IFFT 
means whicli can assign the signal encoded by a coding means makes the aforementioned 
modulation means OFDM transmission system using two or more carriers which intersect 
perpendicularly, and encode an information signal, and the aforementioned coding means 
in a transmission-band split modulator given in the aforementioned claim 1, and carries 
out an inverse Fourier transform, the quadrature-modulation means which carry out the 
quadrature modulation of the output signal of the aforementioned IFFT means, and the 
D/A-conversion means which carry out the analog conversion of the output signal of the 
aforementioned quadrature-modulation means. 

[Claim 3] Each frequency used for frequency conversion of the aforementioned 
frequency-conversion means in a transmission-band split inverter given in the 
aforementioned claim 1 is a transmission-band split modulator characterized by being 
the frequency generated in the output signal of a master clock frequency generator by 
the dividing means of being twice [ m // n (positive integer different for every band 
to which dividing of m and n is carried out) ] many as this according to the divided 
frequency band. 

[Claim 4] It is the transmission-band split modulator characterized by being set up so 
that it may become the common multiple of a frequency which uses the frequency of a 
master clock frequency generator for the aforementioned frequency-conversion means in a 
transmission-band split modulator given in the aforementioned claim 1, 

[Claim 5] The transmission-band split modulation technique characterized by compounding 
the signal which performs frequency conversion in the frequency which is different 
according to the divided band in the signal which carries out the band split of the 
transmission band, modulates an information corresponding to the aforementioned band 
number of partitions in the transmission-band split modulation technique by tine 
multi-carrier radio-transmission system, and was modulated by the aforementioned 
modulation, and is outputted from the aforementioned frequency conversion. 

[Claim 6] In the transmission-band split demodulator by the multi-carrier 
radio-transmission system Carry out the band split of the transmission band of the 
received signal, and it corresponds to the aforementioned split band. The 
frequency-conversion means of the number of partitions which performs frequency 
conversion on the frequency which is different according to the divided band in the 
signal outputted by the band pass filter means and the aforementioned band pass filter 
means of the number of partitions which passes a signal. The transmission-band split 
demodulator characterized by having a recovery means of the number of partitions which 
restores to the signal outputted by the aforementioned frequency-conversion means, and 
the parallel-serial-conversion means which is outputted by the aforementioned recovery 
means, and which carries out serial conversion of the signal of the number of 
partitions. 

[Claim 7] It is the transmission-band split demodulator carry out having had an 
A/D-conversion means to by_which the aforementioned recovery means carries out digital 
conversion of the input signal in a transmission-band split demodulator given in the 
aforementioned claim 6, the rectangular recovery means which carries out the 
rectangular recovery of the signal outputted by the aforementioned A/D-conversion 
means, the FFT means which carries out Fourier transformation of the signal outputted 



by the aforementioned rectangular recovery means, and a decryption means decrypt the 
signal outputted by the aforementioned FFT means as the characteristic feature. 
[Claim 8] Each frequency used for frequency conversion of the aforementioned 
frequency-conversion means in a transmission-band split demodulator given in the 
aforementioned claim 6 is a transmission-band split demodulator characterized by being 
the frequency generated in the output signal of a master clock frequency generator by 
the dividing means of being twice [ m / / n (positive integer different for every band 
to which dividing of m and n is carried out) ] many as this according to the divided 
frequency band. 

[Claim 9] It is the transmission-band split demodulator characterized by being set up 
so that it may become the common multiple of a frequency which uses the frequency of a 
master clock frequency generator for the aforementioned frequency-conversion means in a 
transmission-band split demodulator given in the aforementioned claim 6. 
[Claim 10] The transmission-band split recovery technique which carries out 
performing the parallel serial conversion which carries out the band split of the 
transmission band of the received signal in the transmission-band split recovery 
technique by the multi-carrier radio-transmission system, and carries out the serial 
conversion of the signal of the number of partitions which performs frequency 
conversion corresponding to the aforementioned split ban3 on the frequency which is 
different in the passed signal according to the divided band, restores to the signal 
outputted by the aforementioned frequency-conversion means, and is outputted by the 
aforementioned recovery, and ] as the characteristic feature. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the 
broadband-transmission system which becomes irregular by dividing a transmission band 
with respect to a multi-carrier transmission system. 
[0002] 

[Description of the Prior Art] As a multi-carrier transmission system, OFDM signal 
system attracts attention. It has the characteristic features, like that OFDM signal 
system is a digital modulation method of Frequency Division Multiplexing which 
transmits digital information using two or more carriers which intersect 
perpendicularly, is strong to a multi-pass, seldom does interference to other 
transmission systems, and seldom receives interference, and frequency use luminous 
efficacy is comparatively high, and utilization is advanced in recent years as a 
modulation technique suitable for the mobile digiti zed-voice broadcast or the 
digital-television broadcast. Two or more carriers can be generated using IFFT circuit 
which performs an inverse Fourier transform in a transmitting side, and FFT circuit 
which performs Fourier transformation in a reception can separate a subcarrier. By 
progress of the package- i zed technique of this FFT circuit, OFDM transmission system is 
becoming actual. 

[0003] An example of the sending set in the conventional OFDM transmission is shown in 
drawing 3 . This sending set consists of a coding network 40, the IFFT circuit 41, the 
quadrature modulation circuit 42, D/A converter 43, a frequency-conversion circuit 44, 
and a band pass filter (BPF) 46. The information data which should be transmitted 
encode PSK, QAM, etc. by the coding network 40, and the encoded digital data performs 
IFFT operation, after performing frequency allocation to the real PERT of the IFFT 
operation part 41, and a * ***** nari PERT. The I signal and Q signal which are IFFT 
result of an operation are sent to the quadrature modulation machine 42, and it changes 
into an analog signal by D/A converter 43 after a modulation. The output of D/A 
converter 43 is supplied to a frequency converter 44, performs frequency conversion, 
band- I imits by BPF46, and outputs OFDM wave motion, 

[0004] A part of receiving set in the conventional OFDM transmission is shown in 
drawing 6 . This receiving set consists of a band pass filter (BPF) 81, the frequency 
converter 82, A/D converter 84, a rectangular demodulator 85, an FFT circuit 86, and a 
decryption circuit 87. After it sends it to the rectangular demodulator 85 after 
received OFDM wave motion takes out a desired signal band by BPF81, performs frequency 
conversion by the frequency converter 82 and changes it into a digital signal by A/D 
converter 84, and, it performs time series assignment for the I signal after a recovery, 
and a Q signal to the FFT operation part 86, it performs FFT operation, performs a 
decryption of PSK, QAM, etc. for the signal of the real PERT who is the result of an 
operation, and a ****** nari PERT by the decryption circuit 87, and outputs information 

[0005] 

[Problem(s) to be Solved by the Invention] In the digital i nformat ion-ized society 
which progresses abruptly these days, the amount of information itself becomes very 
targe. A study and utilization of OFDM transmission system are going to be made in the 
field of a communication and a broadcast also as such a background. IFFT opieration part 
for generating the multi-carrier which intersects perpendicularly, when the 
transmission in a wide band or a higher transmission rate is more taken into 
consideration, although OFDM transmission system had high frequency use luminous 
efficacy and it was a transmission system suitable for the high transmission rate will 
increase a point size, or wi I I shorten symbol time, needs very high arithmetic 
proficiency, and becomes in cost, in circuit scale, and large. Moreover, since the 
demand performance to D/A conversion also becomes very high in connection with a wide 
band, the same problem arises. Furthermore, the signal after a modulation is crossed to 



a wide band, the speed of the signal to process is quick, having the flat frequency 
characteristic in the circuit in a system is influenced [ a certain ] difficultly, and 
leading to a signal degradation is also considered. 
[0006] 

[Means for Solving the Problem] In this invention, in order to solve the 
above-mentioned technical probrem, it sets to the transmitting system of a 
radio-transmission system. Carry out the band split of the transmission band, and it 
has a modulation means to modulate an information, corresponding to the band number of 
partitions. It has a frequency-conversion means to perform frequency conversion on the 
frequency which is different in the signal modulated by the modulation means according 
to the divided band, and the transmission-band split modulator characterized by what 
was constituted by signal synthesis means to compound the signal outputted from a 
frequency-conversion means is off ered. Moreover, in a frequency-conversion means, the 
transmission-band split modulator characterized by the frequency used for conversion 
being generated by dividing from a master clock according to the divided band is 
offered. Moreover, frequency conversion is performed in the frequency which is 
different according to the divided band in the signal which carries out the band split 
of the transmission band, modulates an information corresponding to the aforementioned 
band number of partitions in the transmission-band split modulation technique by the 
multi-carrier radio-transmission system, and was modulated by the aforementioned 
modulation, and the transmission-band split modulation technique characterized by 
compounding the signal outputted from the aforementioned frequency conversion is 
offered. 

[0007] In order to solve the above-mentioned technical probrem in this invention, it 
sets to a multi-carrier radio-transmission system. The band pass filter means of the 
number of partitions which the band split of the transmission band of the received 
signal is carried out [ of ], and passes a signal corresponding to a split band. The 
frequency-conversion means of the number of partitions which performs frequency 
conversion on the frequency which is different in the signal outputted by the band pass 
filter means according to the divided band, The transmission-band split demodulator 
characterized by having a recovery means of the number of partitions which restores to 
the signal outputted by the frequency-conversion means, and the 

parallel-serial-conversion means which is outputted by the recovery means, and which 
carries out serial conversion of the signal of the number of partitions is offered. 
Moreover, in a frequency-conversion means, the transmission-band split demodulator 
characterized by the frequency used for conversion being a frequency generated by the 
dividing means from a master clock according to the divided band is offered. 
[0008] ( for ** ) Although a modulation circuit increases in proportion to the band 
number of partitions in order to divide a transmission band and to modulate a part for 
the band, when performing OFDM transmission in each modulation circuit, the amount of 
operations per unit time is reduced, and the demand performance of D/A conversion also 
becomes low. Moreover, since the speed of the signal [ itself ] to deal with falls, a 
large margin can be taken in a circuit design. From these things, the construction of a 
system is comparatively easy and is eased also in cost. In frequency conversion for 
raising to a transmission band, in order to make each frequency used for conversion 
from a master clock by m/n time as many dividing by PLL circuit as this, the signal of 
each split band is compounded synchronizing with a master clock, and the orthogonality 
between split bands does not collapse. Furthermore, if a master clock is set up so that 
it may become the common multiple of a frequency used for frequency conversion, since 
only simple dividing can generate each frequency, without using PLL circuit, a circuit 
sea I e can be made sma 1 1 . 
[0009] 

[Embodiments of the Invention] One example of the transmission-band split modulator of 
this invention is explained below using drawing 1 . As shown in drawing 1 , this 
example consists of a coding network 10, the IFFT circuits 11, 21, and 31, the 
quadrature modulation circuits 12, 22, and 32, D/A converters 13, 23, and 33, the 
frequency-conversion circuits 14, 24, and 34, the PLL circuits 15, 25, and 35, band 
pass filters (BPF) 16. 26, and 36, a master clock frequency generator 18, and a signal 
synthesis circuit 17. In the example of drawing 1 , a part for the frequency band which 
divides the band to transmit into three groups, deals with it, and is equivalent to 
each divided band is modulated to the conventional example of drawing 3 using three 
modulation circuits, respectively. The inputted information data encode PSK, QAM, etc. 
in a coding network 10. 

[0010] The data encoded by the coding network 10 are assigned to each real PERT of the 
IFFT circuits 11, 21, and 31 of a group 1 to the group 3, and a nari PERT. The 

assigned data perform an inverse Fourier transform by the IFFT circuits 11, 21, and 31. 
The I signal and 0 signal from which pi/2 phase which an inverse Fourier transform is 



carried out and is outputted in the IFFT circuits 11, 21, and 31 is different are 
supplied to the quadrature modulation circuits 12, 22, and 32, respectively, and 
quadrature modulation is performed. 

[0011] The digital time series data outputted by the quadrature modulation circuits 12, 
22, and 32 are changed into an analog signal by D/A converters 13, 23, and 33. The 
analog time series data outputted from D/A converters 13, 23, and 33 are raised by the 
intermediate frequency f1 from baseband like the spectrum Sshown in (a) of drawing 2 by 
the quadrature modulation circuits 12, 22, and 32. At this time, the signal band of 
each groups 1-3 turns into the same frequency band. The output signal from D/A 
converters 13, 23, and 33 is raised [ in the frequency-conversion circuits 14, 24, and 
34 ] in a radio band. 

[0012] The frequency which carries out a multiplication to a time series signal in the 
frequency-conversion circuits 14, 24, and 34 is set to fa, fb, and fc. and as shown in 
drawing 2 (a), when the occupancy band of each group is set to h, fa, fb, and fc have 
the relation of the following formula. 

The f b-f a=hfc-fb=h frequencies fa. fb, and fc are inputted into the 
frequency-conversion circuits 14, 24, and 34 from the PLL circuits 15, 25, and 35, 
respectively, and each frequency is generated in the PLL circuits 15, 25, and 35 on the 
basis of frequency folk given from the master clock frequency generator 18. 
[0013] In the PLL circuits 15, 25, and 35, it is fa/fclk, respectively. Twice and 
fb/fclk Twice and fc/fclk Dividing used as twice is performed and fa, fb, and fc are 
generated. This can say the output signal of a master clock frequency generator as the 
frequency generated by the dividing means of being twice [ m / / n (positive integer 
different for every band to which dividing of m and n is carried out) ] many as this. 
The signal by which frequency conversion was carried out using the frequency of fa, fb, 
and fc restricts a band for every group by band pass f i Iters (BPF) 16, 26, and 36. The 
signal which band- limited by band pass filters (BPF) 16, 26, and 36 compounds the 
signal of each group by the signal synthesis circuit 17. 

[0014] Since the signal compounded by the signal synthesis circuit 17 has the relation 
of the above-mentioned formula, as shown in drawing 2 (b), it serves as the spectrum by 
which the signal of each group has been arranged on a frequency at the horizontal 
single tier. In frequency conversion, since each frequency which carries out a 
multiplication is generated from the master clock of the master clock frequency 
generator 18. since the signal of each group after frequency conversion is made 
synchronizing with a master clock (flattery), it can make the stable signal which the 
orthogonality between groups did not collapse and was suitable for OFDM signal system. 
[0015] (Invention according to claim 4) Frequency folk of the master clock frequency 
generator 18 is set up as it is in the relation of a common multiple to the frequencies 
fa, fb, and fc used for the frequency-conversion meanses 14, 24, and 34. Thus, if 
frequency fclk of the master clock frequency generator. 18 is set up, the frequencies 
fa, fb, and fc used for the frequency-conversion meanses 14, 24, and 34 are generable 
only by dividing of the type of 1/n time, fa, fb, and fc can be generated only by the 
simple digital frequency divider, without using PLL circuit by this. 
[0016] Drawing 4 is used and one example of the transmission-band split demodulator of 
this invention is explained below. The same number is given to the same component as 
the conventional example of drawing 6 . In the example of drawing 4 , it restores to a 
part for the frequency band which divides the band to transmit into three groups, deals 
with it, and is equivalent to each divided band to the conventional example of drawing 
6 using three recovery circuits, respectively. Received OFDM wave motion is inputted 
into BPF 51, 61, and 71 of a group 1 to the group 3, and passes only a desired signal 
band. The band of w i dth-of-f ace h equally divided by BPF 51, 61. and 71 to three as 3h 
in transmission-band width of face as shown in drawing 5 (a) shall be taken out. At 
this time, center frequency of each band is taken as fa. fb, and fc. At this time, 
occupancy band h of each group and the center frequency fa, fb, and fc have the 
relation of the following formula, f b-fa=hfc-fb=h [0017] The signal outputted by BPF 
51, 61, and 71 is changed into an intermediate frequency band from a radio band in the 
frequency-conversion circuits 52, 62. and 72. By the frequency-conversion circuits 52, 
62. and 72, if a down conversion shall be performed to an intermediate frequency f1, 
the frequency which carries out a multiplication to a time series signal will serve as 
fa-fl, fb-fl, and fc-fl, respectively. Frequency fa-f1, fb-fl, and fc-fl are inputted 
into the frequency-conversion circuits 52, 62, and 72 from the PLL circuits 53, 63, and 
73, respectively, and each frequency is generated in the PLL circuits 53, 63, and 73 on 
the basis of frequency fclk given from a master clock 59. 

[0018] In the PLL circuits 53, 63. and 73. dividing which becomes /fclk time, (fb-fl) / 
fclk time, and (fc-fl) / fclk time about frequency fclk. respectively (fa-fl) is 
performed, and fa-fl. fb-fl, and fc-fl are generated. This can say the output signal of 
a master clock frequency generator as the frequency generated by the dividing means of 



being twice [ m / / n (positive integer different for every band to whicli dividing of m 
and n is carried out) ] many as this. As shown in drawing 5 (b) , the signal of each 
group by which frequency conversion was carried out in the frequency-conversion 
circuits 52, 62, and 72 has band h, and a down conversion is carried out at the 
intermediate frequency of center frequency f1. The analog signal outputted by the 
frequency-conversion circuits 52, 62. and 72 is changed into digital time series data 
by A/D converters 54, 64, and 74. The rectangular recovery of the digital data 
outputted by A/D converters 54, 64, and 74 is carried out by the rectangular recovery 
circuits 55. 65, and 75. 

[0019] Time series allocation is performed for the I signal and 0 signal from which 
pi/2 phase outputted by the rectangular recovery circuits 55, 65, and 75 is different 
in the FFT circuits 56, 66,. and 76, and Fourier transformation is performed. The 
decryption circuits 57, 67, and 77 perform a decryption of PSK, 0AM, etc. for the 
signal of the real PERT and ****** nari PERT who Fourier transformation is done as for 
the FFT circuits 56, 66, and 76, and is outputted. It is decrypted by the decryption 
circuits 57, 67, and 77, and each signal is changed into a serial data by the 
parallel-serial-conversion circuit 58, and is outputted as information data. In 
frequency conversion, since each frequency which carries out a multiplication is 
generated from a master clock, since the signal of each group after frequency 
conversion is made synchronizing with a master clock (flattery), it can acquire the 
stable recovery signal which the orthogonality between groups did not collapse and was 
suitable for OFDM, 

[0020] (Invention according to claim 9) Frequency folk of a master clock 59 is set up 
as it is in the relation of a common multiple to frequency fa-f1 used for the 
frequency-conversion meanses 52, 62, and 72, fb-fl, and fc-fl. If frequency fclk is set 
up as mentioned above, fa-f1, fb-f1, and fc-fl are generable only by dividing of the 
type of 1/n time. fa-f1, fb-fl, and fc-fl can be generated only by the simple digital 
frequency divider, without using PLL circuit by this. 
[0021] 

[Effect of the Invention] this invention can divide a transmission band, although it is 
the band split modem which performs the strange recovery for the band and strange 
recovery circuits increase in number in proportion to the number of partitions, when 
performing OFDM transmission in each modulation circuit, the point size of I FFT can be 
reduced, or a symbol rate can be lowered, the amount of operations per [ in I FFT 
circuit and FFT circuit ] unit time is reduced, and it is enabled to also make low the 
demand performance of D/A conversion and A/D conversion. 

[0022] Moreover, since the speed of the signal [ itself ] to deal with falls, a large 
margin can be taken in a circuit design. The construction of a system is comparatively 
easy and becomes what was excellent also in cost from these things. If it becomes the 
transmission system of a wide band more especially, since problems, such as a problem 
of the amount of operations, D/A, a performance of an A/D converter, and a signal 
speed, will appear notably, in such a system, it is effect size. 

[0023] Moreover, since the signal of each split band is compounded synchronizing with a 
master clock in order to make each frequency raised to a transmission band from a 
master clock, the orthogonality between split bands is held and the stable transmission 
signal is generated. Furthermore, if a master clock is set up so that it may become the 
common multiple of a frequency used for frequency conversion, since only simple 
dividing can generate each frequency, without using PLL circuit, a circuit scale can be 
made sma 1 1 . 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is drawing having shown one example of OFDM transmission-band split 
modulator of this invention. 

[Drawing 2l It is drawing having shown the mode of the spectrum generated by OFDM 
transmission-band split modulation of this invention. 

[Drawing 3l It is drawing having shown an example of the conventional OFDM modulator. 
[Drawing 4] It js drawing having shown one example of OFDM transmission-band split 
demodulator of this invention. 

[Drawing 5l It is drawing having shown the mode of the spectrum generated by OFDM 
transmission-band split recovery of this invention. 

[Drawing 6l It is drawing having shown an example of the conventional OFDM demodulator. 

[Description of Notations] 

10, 40 Coding network 

11, 21, 31, 41 IFFT circuit 

12, 22, 32, 42 Quadrature modulation circuit 

13, 23. 33, 43 D/A converter 

14, 24, 34, 44, 52, 62, 72, 82 Frequency-conversion circuit 

15, 25, 35, 53, 63, 73 PLL circuit 

16, 26, 36. 46, 51. 61, 71. 81 Band pass filter (BPF) 
17 Signal Synthesis Circuit 

18. 59 Master clock frequency generator 

54, 64, 74, 84 A/D converter 

55, 65. 75, 85 Rectangular recovery circuit 

56, 66, 76 FFT circuit 

57, 67. 77, 87 Decryption circuit 

58 Parallel Serial (P/S) Conversion Circuit 

fa, fb; fc Each frequency which carries out a multiplication to a time series signal 
f1 Intermediate frequency 

folk Output frequency of a master clock frequency generator 
h The occupancy band of each group 
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